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DEVICE FOR POST-PROCESSING OF A 
PRINT SUBSTRATE WEB PRINTED BY AN 

ELECTROGRAPHIC PRINTING OR 
COPYING DEVICE 

BACKGROUND 

The preferred embodiment concerns a device for post 
processing of a print substrate Web printed by an electro 
graphic printing or copying device in Which toner is transfer 
printed onto a print substrate as a print image and subse 
quently ?xed. 

Such a device is, for example, knoWn from the patent 
document EP 0 758 766 B1. There the printed print substrate 
Web is initially guided through a ?xing device. In a subse 
quent post-processing device, gloss and color saturation are 
conferred to the print image. For this, the print substrate Web 
is ?rst cooled after the ?xing device and then directed through 
smoothing rollers that, for their part, are heated in order to 
smooth the toner in order to achieve a predominantly smooth 
surface. The print substrate Web With the toner is subse 
quently re-cooled in order to feed the printed and ?xed print 
substrate Web to a subsequent end-processing (?nishing). 

In a further knoWn device (US. Pat. No. 6,249,667) for 
post-processing of a print substrate Web printed by an elec 
trographic printing or copying device, a dampening or moist 
ening device is arranged after a ?xing device in the feed 
direction of the print substrate. A ?uid ?lm is applied on the 
?xed image With the dampening device, Whereby a gloss 
dependent on the quantity of the ?uid is conferred to the print 
image and the paper. With this dampening device, the toner is 
merely dampened but not smoothed. 

In another knoWn device (US. Pat. No. 5,694,638) for 
post-processing of a print substrate Web printed by an elec 
trographic printing or copying device, a controllable transport 
device is arranged at the print substrate output of the printing 
or copying device. The transport device is regulated relative 
to the transport speed so that a crumpling of the print substrate 
is prevented, since the print substrate is alWays held under 
tension. The transport device is also designed so that the print 
image is not in?uenced. 

In electrographic printing, the print toner images (gener 
ated on the print substrate) of the images to be printed are 
?xed in the printing device and thus permanently bound With 
the print substrate. Such methods are suf?ciently knoWn (see, 
for example, US 2004/005178 Al) and are therefore not 
described in detail here. The ?xing can thus occur in various 
manners, for example via roller ?xing under pres sure and heat 
or via radiation ?xing under heat. With regard to the indi 
vidual knoWn techniques, reference is likeWise made to the 
disclosure document US 2004/005178 Al already cited 
before. 

In the ?xing, the print substrate Web is exposed to heat and, 
if applicable, pressure, With the result that the properties of 
the print substrate such as, for example, dampness and sliding 
properties are negatively in?uenced. In particular, hoWever, 
poor sliding properties of the print substrate can lead to the 
?xed toner layer being mechanically damaged or smeared in 
the post-processing. For post-processing, the print substrate 
Web is therefore improved in terms of its sliding properties in 
the knoWn device, in that the print substrate Web is lightly 
dampened. 

Such a dampening device is proposed in the German patent 
application DE 10 2004 002232.1-51 (not yet published). 
What is disadvantageous in this method and in the previously 
cited knoWn methods is that the dampening only acts for a 
short time. The abrasion already noticeably increases again 
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2 
Within a feW hours. Pauses in the range of hours to days 
betWeen printing and post-processing frequently occur in 
operation. Furthermore, the paper transport in the end pro 
cessing is impaired by the slip agent lubricant. In some sys 
tems this leads to increased outage times. 

SUMMARY 

It is an object to achieve a device for post-processing of a 
print substrate Web printed by an electrographic printing or 
copying device, in Which a permanent improvement of the 
abrasion resistance of the print image is achieved. 

In the method or device for post-processing of a print 
substrate Web printed in an electro graphic printing or copying 
device, a smoothing device is arranged in immediate proxim 
ity after a ?xing device in a feed direction of the print sub 
strate Web. The smoothing device substantially presses a 
toner ?at With a predetermined pressure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a vieW of a part of an electrographic printing or 
copying device With a ?xing station, a subsequent smoothing 
device and a print substrate Web cooling; 

FIG. 2 shoWs in an operating state, a front vieW of a device 
for post-processing of a print substrate Web printed by an 
electrographic printing or copying device; 

FIG. 3 illustrates a side vieW (or section) of the device 
according to FIG. 2; 

FIG. 4 is a side vieW of the device according to FIG. 3 in a 
rest state; 

FIG. 5 is a vieW of the device according to FIG. 2 With a 
drive element instead of a spring for pressing cleaning rollers 
against smoothing rollers; 

FIG. 6 shoWs a side vieW of the device according to FIG. 3 
With discharge brushes for electrostatic discharging of the 
smoothing rollers and the print substrate Web; 

FIG. 7 shoWs a section through a smoothing roller; 
FIG. 8 illustrates a section from a smoothing roller With a 

structured generated surface; and 
FIGS. 9 through 11 illustrate exemplary embodiments of 

heating devices for heating of the smoothing roller. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

For the purposes of promoting an understanding of the 
principles of the invention, reference Will noW be made to the 
preferred embodiments illustrated in the draWings and spe 
ci?c language Will be used to describe the same. It Will nev 
ertheless be understood that no limitation of the scope of the 
invention is thereby intended, such alterations and further 
modi?cations in the illustrated device, and/or method, and 
such further applications of the principles of the invention as 
illustrated therein being contemplated as Would normally 
occur noW or in the future to one skilled in the art to Which the 
invention relates. 

With the preferred embodiment, pressure is applied With a 
certain nip on the hot and doughy toner, and the toner With its 
“toner mountain” is leveled as Well as compressed, a perma 
nent improvement of the abrasion resistance thus being 
achieved. A targeted cooling of the toner may not occur 
before the smoothing device since otherWise no permanent 
leveling occurs, or the toner is already too cold in order to still 
be suf?ciently smoothed. Since the still-hot and not signi? 
cantly cooled toner is smoothed, leveled and compressed by 
the smoothing device, only a slight surface pressure on the 
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print image surface of the print substrate Web is necessary, 
Which leaves the print substrate Web appearing as if treated 
carefully and the toner image appears cleaner. The surface of 
the print image and thus the toner are compressed by the 
uniform smoothing. However, the toner may not thereby be 
smoothed so far that the print characters are broadened or 
shifted in their outer dimensions. The smoothing and com 
pression additionally has the advantage that a dampening 
sub stance applied on the print image does not drain aWay and 
the abrasion in the further course is signi?cantly reduced. 

The smoothing device may comprise a cleaning device in 
order to remove dirt/dust particles or toner still located on the 
smoothing device that have undesirably attached on the 
smoothing roller. It is particularly advantageous to also 
design the cleaning device as a dampening device. Since the 
cleaning device is in direct contact With the smoothing device, 
a dampening agent (such as, for example, silicon oil) is 
applied on the print substrate Web simultaneously With the 
smoothing. Since the toner is smoothed and simultaneously 
oiled, only a slight oil quantity is required that then remains 
adhered on the surface longer. When the cleaning device is no 
longer in direct contact With the smoothing device during 
doWntime of the printing operation, this has the advantage 
that the dampening substance cannot deposit accretions on 
the smoothing device. 

The cleaning device is advantageously provided With a 
cleaning belt that is saturated With the dampening substance, 
Whereby the cleaning belt glides along a surface of the 
smoothing device to be cleaned and thus cleans and (advan 
tageously) dampens the smoothing device. A compact unit is 
thus achieved that simultaneously effects a cleaning of the 
smoothing device and a dampening of the print substrate Web 
in the most narroW space. 
An air suction via Which moisture (in particular ink vapor, 

Water vapor and dust particles) are draWn off can be arranged 
betWeen the ?xing device and the smoothing device. Essen 
tially no cooling of the toner occurs via this suction device, so 
that the toner is not signi?cantly cooled and the toner can 
subsequently be Well-smoothed and leveled in the smoothing 
device. 

The smoothing device is advantageously formed by tWo 
cylindrical smoothing rollers that are arranged parallel to one 
another and betWeen Which the print substrate is directed. 
Both the front side and the back side of the print substrate can 
thus be in contact With the smoothing rollers and the toner can 
correspondingly be smoothed after the ?xing. Also, the 
printed print substrate can be post-processed on only one side 
by such a smoothing device. HoWever, for one-sided printing 
it is also possible to use only a single smoothing roller, 
Whereby this must comprise a mechanical part applying a 
counter-force as a counter-bearing. The print substrate Web 
should be able to glide Well over the mechanical part. This 
part is advantageously designed as a freely-rotatable cylin 
drical roller. 

The smoothing device can comprise at least one essentially 
cylindrical smoothing roller Whose outer surface is com 
prised of a hard outer layer Whose outer cylindrical generated 
surface is additionally tWo-dimensionally or three-dimen 
sionally pro?led. A spatial structure can thus be impressed on 
the ?xed toner, via Which the gloss of the print image can be 
varied. 

Such a smoothing roller is advantageously produced from 
a hard outer layer, an optional, soft intermediate layer and a 
hard inner core. The outer layer is thus signi?cantly more 
heat-conductive than the intermediate layer Which, for its 
part, represents a thermal insulation. The heat on the gener 
ated surface of the smoothing roller is thereby Well and 
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4 
quickly distributed across the entire generated surface. Pre 
dominantly the same conditions thus prevail over the entire 
print image. Since heat transfers from the hot toner to the 
outer layer, the thin outer layer With good thermal conductiv 
ity also quickly reaches operating temperature. 
The outer layer is advantageously produced from a heat 

conductive ?uoride polymer such as PFA (per?uoralcylvi 
nylether) or a shrink tubing, the intermediate layer from a 
silicon compound (silicone rubber) and the inner core com 
pletely or holloW-cylindrically from steel. 

The cleaning device advantageously comprises a foam 
material roll as an overcoat over a guide roller for a cleaning 
belt. The foam material roller is spring-bome and elastically 
presses the cleaning belt against the smoothing roller, 
Whereby the cleaning roller is cleaned. The foam material 
roller is only in effective connection With the smoothing roller 
via the cleaning belt in the printing operation. Cleaning belt 
and smoothing roller are separated from one another in the 
rest state. This can be effected via sWinging aWay the smooth 
ing roller and/or the cleaning unit. 
When the smoothing roller is designed circularly-cylindri 

cal and slightly convex (straight-barrel-shaped), the pressure 
on the print substrate Web is increased in the region of the 
middle of the roller so that, as a counteragent to the de?ection 
of the rollers, (the rollers are borne on the front side), the 
pressure is approximately uniformly distributed over the 
Width of the print substrate Web. If, in contrast to this, the 
smoothing roller is designed slightly concave in the axial 
direction, the print substrate Web can be draWn outWards on 
its outer edge and thus tensed. In order to further improve the 
paper run stability and to simultaneously achieve a good 
smoothing effect, it can also be advantageous to have concave 
and convex sections alternate in the axial direction. 

In electrographic printing or copying devices 10 (FIG. 1) 
for one-sided or double-sided printing in black-and-White 
and/ or color, the print image generation occurs, for example, 
With an LED character generator and a corresponding devel 
oper. Instead of the electrophotographic printing process With 
LED character generators, other electrographic printing prin 
ciples such as electrolytic, photo?ash or magnetic electrog 
raphy methods can also be used. 

In the electrophotographic printing method (also desig 
nated as xerography), a photoconductor (not shoWn; in the 
form of a drum or a belt) in a printing station 11 (here shoWn 
only in part) is provided With a toner image via electrical 
discharge by means of light by electrostatic methods. In a 
transfer printing device (not shoWn), the toner image is then 
electrostatically transferred onto a transfer belt (likeWise 
revolving continuously) or directly onto the print substrate 
(for example paper, plastic ?lm or metal ?lm). The transfer 
onto a print substrate Web 12 occurs at the transfer printing 
point “transfer belt/print substrate”. The upper and loWer 
print substrate Web sides are transfer printed simultaneously 
or in succession in the case of the double-sided printing 
operation. 
The toner image is subsequently ?xed in a ?xing station 14 

(the toner image is also designated as a print image 21). The 
?xing of the toner image on the print substrate can occur 
simultaneously or in temporal succession by means of an 
infrared radiation ?xing for one- sided and double-sided print 
ing operation. For this, the infrared ?xing station 14 com 
prises one or more radiator modules 15 that heat the toner to 
a predetermined temperature via radiant heat and thus melt 
the toner onto print substrate Web 12. 

The print substrate Web 12 is transported through the post 
processing station 16 With actuation of the printing station 
(only partially shoWn) and a paper feed at the end of the 
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post-processing station 16. Since ?xing stations (and in par 
ticular IR ?xing stations) are suf?ciently known, nothing 
more of them Will be discussed in detail in the following 
speci?cation. 

According to the preferred embodiment, a smoothing 
device 17 (shoWn signi?cantly simpli?ed in FIG. 1, Without 
an actuation and displacement mechanism) that smoothes the 
toner image ?xed by the ?xing station 14 is arranged imme 
diately after the ?xing station 14 in the transport direction of 
the print substrate Web (see arroWs in FIG. 1). For this it is 
utiliZed that, after leaving the ?xing station, the toner is still so 
hot that this temperature clearly lies above the glass transition 
temperature for the corresponding toner. The consistency of 
the toner is still doughy. Due to the ?xing under signi?cant 
heat, the surface of the toner exhibits a “mountainous” sur 
face. 

The toner can noW be smoothed as Well as compressed as 
desired on the entire Width of the print substrate Web 12 by 
means of the smoothing device 17 since its consistency is still 
doughy or viscous. The smoothing preferably occurs With 
smoothing rollers 20, 20'. Only tWo smoothing rollers 20, 20' 
are schematically shoWn in the operating state in FIG. 1, 
Whereby the print substrate Web 12 is guided betWeen the tWo 
smoothing rollers 20, 20'. 

After the ?xing station 14 and before the smoothing device 
17, an air suction or in particular a hot air suction 22 can be 
arranged that draWs off dust, Water vapor or ink vapor. It is 
thereby prevented that any particles deposit on the toner and 
lead to a degraded print image 21. In the event that the hot air 
suction 22 is event necessary, it may, hoWever, barely affect 
the toner in terms of its temperature (i.e. not signi?cantly cool 
the toner). 

After the smoothing device 17, the print substrate Web 12 is 
cooled on each side by a cooling device 23 (for example by 
means of air noZZles) that bloW cold air against the print 
substrate Web 12. The print substrate Web 12 is subsequently 
draWn from the cooling device 23 With the aid of a print 
substrate Web puller 24 and supplied to an end processing unit 
(not shoWn; for example With a cutter, a binder, a stacker, an 
enveloper etc.). 
A simpli?ed vieW of the smoothing device 17 is shoWn in 

FIG. 2. The smoothing device 17 is thereby located in a 
Working position or in an operating state, meaning that the 
print substrate Web 12 is in effective connection With the 
smoothing device 17. TWo freely-rotatable smoothing rollers 
20, 20' are arranged parallel to one another. The print sub 
strate Web 12 is directed betWeen the tWo smoothing rollers 
20, 20'. The smoothing rollers 20, 20' are borne such that they 
can shift or pan in the direction of the print substrate Web 12, 
such that they can be moved aWay from the print substrate 
Web 12 in the rest state (compare FIG. 4) and thus be held at 
a distance from this. In contrast to this, in the operating state 
the smoothing rollers 20, 20' press the print substrate Web 12 
guided betWeen them together and thereby smooth the still 
hot toner. 

For smoothing, mechanical pressure on the smoothing roll 
ers 20, 20' is exerted so that these lie on the print substrate Web 
12 With a nip and With a predetermined force/pressure opti 
mally distributed uniformly, transversely across the print sub 
strate Web 12, and press on this print substrate Web 12 in order 
to smooth and compress the toner image over the entire Width 
of the Web. This pressure can be exerted by a spring 26 orias 
shoWn in FIG. Siby an electromotive component (actuating 
element 27) together With further springs 26'. 

The smoothing rollers 20, 20' are borne such that they can 
rotate freely and are situated on moving pivot arms 28, 28' 
Which can be moved/pivoted into different positions via lifter 
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6 
actuators. (lifter drivers) 30, 30'. The upper lifter actuator 30 
is permanently borne in a housing (not shoWn); in contrast to 
this, the loWer lifter actuator 3 0' is borne in a housing With tWo 
spring-borne, pre-stressed pre-stress levers 32 on both sides. 
The pre-stress levers 32 are connected via a tension element 
and de?ectors (baf?es) With the common spring 26 so that 
equal and optimally symmetrical pressing forces develop on 
both sides of the loWer smoothing roller 20' and a uniform 
surface pressing is thereWith generated on the print image 21. 
The loWer smoothing roller 20' is thus pressed against the 
upper smoothing roller 20 via elastic force. 
When the smoothing rollers 20, 20' are designed circular 

cylindrical, they should have a signi?cant axial longitudinal 
rigidity so that they “sag” only slightly given the tWo-sided 
bearing and the pressure of the tWo smoothing rollers 20, 20' 
against one another is optimally uniformly, axially distrib 
uted. 

In FIG. 3, hoW the smoothing rollers 20, 20' are elastically 
pressed against the print substrate Web 12 in the operating 
step is clearly recogniZable in a schematiZed side vieW of the 
smoothing device 17 of FIG. 2. The smoothing rollers 20, 20' 
thereby respectively apply the force Fpms (see force arroW in 
FIG. 3.). The print substrate Web 12 is moved from right to left 
in FIG. 3 and thereby correspondingly drags (toWs) the 
smoothing rollers 20, 20' along so that the upper smoothing 
roller 20 rotates clockWise and the loWer smoothing roller 20' 
rotates counter-clockWise. 
An optional cleaning device 35 that comprises a dispenser 

roller 36, a pressure roller 37 and a Winding roller 38 is 
additionally shoWn in FIG. 3 . A belt-shaped, soft cleaning felt 
(cleaning belt 40) is used as a cleaning unit that unWinds in the 
transport direction from the dispenser roller 36 and is pressed 
against the smoothing roller 20 by the pressure roller 37 
cushioned With a spring 41. Driven With a sloW speed by an 
electromotor (not shoWn) and guided by the pressure roller 37 
as a guide roller, the cleaning belt 40 is draWn past the 
smoothing roller 20 and thereby cleans the smoothing roller 
20. The used cleaning belt 40 is Wound on the Winding roller 
38. 
The pressure roller 37 advantageously comprises a soft 

layer (for example foamed material) on its external circum 
ference and is elastically pressed against the smoothing roller 
20 With the aid of the spring 41 so that the cleaning belt 40 
comes into contact With the entire surface of the smoothing 
roller 20, even When the surface exhibits unevenness. 

In double-sided printing (duplex), a respective smoothing 
roller 20, 20' and a respective cleaning device 35, 35' are 
arranged on both sides of the print substrate Web 12 in order 
to smooth the print images on both sides of the print substrate 
and, if applicable, to clean both smoothing rollers 20, 20' (the 
respective second element is characterized in Figures With the 
corresponding reference character and an apostrophe "'). 
The smoothing rollers 20, 20' are only cooled by the cool 

environment air in the region betWeen the ?xing station 14 
and the smoothing device 17, such that the toner optimally 
does not adhere to the smoothing rollers 20, 20'. HoWever, no 
targeted cooling of the print substrate Web 12 before the 
smoothing rollers 20, 20' or a targeted cooling of the smooth 
ing rollers 20, 20' themselves occurs. 

FIG. 4 shoWs the smoothing rollers 20, 20' in a rest position 
in Which the smoothing rollers 20, 20' are distanced from the 
print substrate Web 12. The smoothing rollers 20, 20' are 
sWung aWay from the print substrate Web 12 via the lifter 
actuators 30, 30'. Since the print substrate Web 12 is not 
printed in this state, no smoothing is necessary in this state; a 
cleaning of the smoothing rollers 20, 20' is then also unnec 
essary. 
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An optional dampening device 42, 42' is additionally 
shoWn in FIG. 4 With Which the print substrate Web 12 can be 
dampened as needed. For this, the cleaning belt 40, 40' is 
advantageously used in that a dampening substance (such as, 
for example, silicon oil or Water) is extracted from a reservoir 
(not shoWn) and is applied on the cleaning belt 40, 40'. Since 
the saturated cleaning belt 40, 40' is guided past the smooth 
ing roller 20, 20', a light dampening ?lm is left behind on its 
surface. 
As a result of this, the cleaning belt 40, 40' is simulta 

neously a dampening device for the smoothing rollers 20, 20', 
Whereby the dampening substance is transferred onto the 
smoothing rollers 20, 20' and further onto the print substrate. 
This has the advantage that the smoothing and the dampening 
occurs simultaneously in one station. 

The cleaning devices 35, 35' are thereby only cleaned in the 
operating state in effective connection With the smoothing 
rollers 20, 20', but not in the rest state. A cleaning in the rest 
state is not necessary. 
When the smoothing rollers 20, 20' are dampened, it is 

advantageous When the saturated cleaning belt 40, 40' does 
not rest on the smoothing rollers 20, 20' in the rest state (When 
the smoothing rollers 20, 20' no longer rotate). This prevents 
a thicker oil ?lm or other unWanted deposits of dampening 
substance (such as oil spots) on the surface of the smoothing 
rollers 20, 20' Which Would lead to an impaired print image 
21. This can be executed at the beginning of the rest state, on 
the one hand via pivoting of the smoothing rollers 20, 20' and 
via pivoting of the cleaning devices 35, 35'. 
From the rest state, the smoothing rollers 20, 20' arrive in 

the operating position in that initially the upper smoothing 
roller 20 and then the loWer smoothing roller 20' are swung 
into the operating position. A su?iciently-high abrasion effect 
is created by the corresponding pressure force of the smooth 
ing rollers 20, 20' so that the smoothing rollers 20, 20' are 
toWed along by the print substrate Web 12 Without their oWn 
rotation actuation. 

FIG. 5 shoWs a further exemplary embodiment in Which the 
pre-stress springs 26 betWeen the pre-stress levers 32 are 
replaced by tWo springs 26', 26" With the same overall rigid 
ity. The tWo springs 26', 26" are connected With the adjust 
ment element 27 (for example a linear motor) that alloWs a 
movement in the longitudinal direction of the spring. If the 
edge position of the print substrate Web 12 is noW monitored 
via a sensor, the pressure of the smoothing rollers 20, 20' can 
be varied via movement of the adjustment element 27 on the 
one or other edge side of the smoothing rollers 20, 20' and an 
asymmetrical surface pressing can thereby be achieved across 
the paper Width. Since the moved print substrate Web 12 tends 
to Wander in the direction of the higher pressure, the edge 
position of the print substrate Web 12 can thus be regulated 
Within narroW limits. 
A further exemplary embodiment is shoWn in FIG. 6, in 

Which passive discharge brushes 43, 43' that simultaneously 
decrease charge from the print substrate and from the roller 
surface of the smoothing rollers 20, 20' are fastened betWeen 
the pivot arms 28, 28'. The electrostatic charges are created 
throughout the transport of the print substrate Web 12 
betWeen the tWo smoothing rollers 20, 20' upon movement of 
the electrically-insulated smoothing rollers aWay from the 
print substrate Web 12. EMC interferences are reduced by the 
discharging and a protection from electrostatic discharge 
upon contact With these parts exists for the operator/client 
service. 

FIG. 7 shoWs a section through a smoothing roller 20, 20' 
that comprises an inner, hard solid or holloW-cylindrical core 
45 (for example made from steel), an optional, soft interme 
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8 
diate layer 46 and an outer circumference as a hard outer layer 
47. The hard outer layer 47 is, for example, manufactured 
from a ?uoropolymer such as PFA (also designated as shrink 
tubing) or from a metallic alloy such as, for example, a chro 
mium-nickel alloy. . The soft intermediate layer 46 can, for 
example, be produced from silicon. 
The thin outer layer 47 exhibits a good heat conduction 

behavior so that the temperature of the outer layer 47 is 
approximately the same across the entire generated cylinder 
surface. When the outer layer 47 exhibits a good heat con 
ductivity, the core 45 in contrast has a very poor heat conduc 
tivity; the smoothing roller thus reaches a stable temperature 
value faster on its generated cylinder surface. In contrast to 
this, if the entire smoothing roller Were to exhibit a too-high 
heat capacity and a good heat conductivity toWards the core 
45, the smoothing roller Would take too much temperature 
from the print substrate and thus Would unacceptably cool the 
toner. A smoothing Would then no longer be completely or 
possible or Would be insu?iciently possible. In order to sim 
ply solve this problem, on the outer layer 47 of the smoothing 
roller 20, 21 possesses good thermal conductivity. When the 
core 45 likeWise possesses good thermal conductivity, the 
intermediate layer 46 is thus required as a heat insulation 
toWards the core 45. Due to this speci?cally-present thermal 
behavior, the print image 21 is alWays smoothed under the 
same conditions (temperature). 

Due to the loW heat transfer from the outer layer 47 to the 
core 45 and the thin outer layer 47 that represents only a slight 
heat capacity, the outer layer 47 cools someWhat in the rest 
state of the smoothing roller 20, 20'. In the operating state, it 
also quickly arrives at the operating temperature again due to 
the hot toner. HoWever, heat is temporarily WithdraWn from 
the print substrate Web 12 and the hot toner shortly after the 
run-in into the operating state. In order to prevent this, in the 
rest position the smoothing roller 20, 21' can be pre-heated by 
a heating device (compare FIGS. 8 through 10). 

Relative to the Warm toner, the outer layer 47 exhibits a 
distinctly higher hardness. The entire coating compound of 
the smoothing roller 20, 20' thus exhibits a System-Shore 
hardness A greater than approximately 75 AS. The core 45 is 
adapted in terms of its material hardness and the outer layer 
47 is adapted in terms of its thickness so that the print char 
acter of the print image 21 is completely leveled over a typical 
length, and irregularities in the print substrate thickness or the 
toner application are thereby compensated. 

Macroscopically, the printed character should be main 
tained in terms of its shape (outer dimensions); merely the 
microscopic unevenness should be smoothed. This means 
that the visible basic shape of the printed character should not 
be changed; the outer appearance of the print image 15 is thus 
not changed via smoothing and leveling. Only the surface of 
the toner is smoothed in terms of its pro?le and the toner is 
compressed overall by the smoothing and compression. The 
outer layer 47 should therefore be hard relative to the toner; 
and the optional intermediate layer 46 should be soft enough 
in order to generate a suf?ciently large nip (contact surface of 
the smoothing roller 20, 20' on the print substrate Web 12). 

Each smoothing roller can be designed slightly convex (or 
barrel-like:deviation from the circular cylinder shape) in the 
axial direction to compensate the de?ection of the smoothing 
rollers 20, 20' (these are only borne on the front). A more 
uniform smoothing thereby results over the Width of the print 
substrate Web 12 since the forming pressure in the middle is 
increased by the convex formation, such that the pressure is 
uniformly distributed from the outside inWards over the entire 
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length. Otherwise, the pressure Would be highest on the out 
side near the bearing, due to the de?ection of the smoothing 
roller 20, 20'. 

With speci?c print substrates, a concave execution of the 
smoothing rollers 20, 20' can also advantageously be utiliZed 
in order to improve the running stability of the print substrate. 
The print substrate Web 12 is thereby draWn and tensed at the 
points With the highest forming pressure. The print image 21 
and the running stability of the print substrate can also thereby 
be improved When alternating convex and concave regions 
are designed in at least one smoothing roller 20, 20'. 
An exemplary embodiment for the smoothing roller 20, 20' 

is shoWn in FIG. 8, in Which the thin outer layer 47 is addi 
tionally provided on its outer surface With a tWo-dimensional 
or three-dimensional microstructure 49. The microstructure 
49 can exhibit a spatial “peak-and-valley structure” With a 
characteristic formation of “elevations” and “depressions” as 
microstructure elements. Upon smoothing, this microstruc 
ture 49 generates an image map pressed into the toner via 
Which the gloss of the print image can be speci?cally varied 
by the engrained structure. The dimensions of the micro struc 
ture elements in the tangential direction are distinctly smaller 
than a typical length or minimal dimensions of a single print 
point. When the smallest print point at a resolution of 600 dpi 
has a diameter of approximately 40 pm, a microstructure 
should still have a smaller dimension. 
The depth of the microstructure 49 is selected so that a 

piercing of the toner layer through to the print substrate Web 
12 is prevented. The transition from one microstructure ele 
ment to the next should run in a ?oWing manner in order to not 
adulterate the print image 21. The advantage of this micro 
structure 49 is that the dampening agent can collect and be 
retained as a gliding structure in the depressions of the toner, 
Whereby a lasting reduction of the abrasion of the print image 
21 is provided for. 

The geometry of the microstructure 49 can be engrained 
only in the circumferential as Well as axial directions of the 
smoothing rollers 20, 20'; hoWever, better still is a tWo-di 
mensional microstructure 49 along the generated cylinder 
surface (i.e. three-dimensional in the axial, radial and circum 
ferential directions) of the smoothing rollers 20, 20'. The 
microstructure 49 is advantageously equipped With a sliding 
transition from a recess to a depression, similar to a sine Wave. 

In the simplest case, the intervals (periods) betWeen tWo 
adjacent elevations are constant in order to ensure an easier 
manufacturing capability. An improvement of the optical 
impression via prevention of Moire patterns can be achieved 
via a random or irregular distribution of the intervals of the 
structure elements Within a tolerance limit. It thus remains 
important to leave the maximum interval of adjacent eleva 
tions Within the aforementioned limits (distinctly smaller 
than the smallest image point). 

Various exemplary embodiments for the heating device via 
Which a smoothing roller 20, 20' can be heated in the rest state 
are shoWn in FIGS. 9 through 10. The surface of the smooth 
ing roller 20, 20' is thus preheated to a largely constant tem 
perature before the smoothing roller 20, 20' is pressed against 
the print substrate Web 12. The heating is ended uponpivoting 
of the smoothing rollers 20, 20' into the operating state. The 
surface is thus already at the operating temperature and draWs 
no additional heat aWay from the toner on the print substrate 
Web 12. Smoothing, compression, dampening and structuring 
can thus occur uniformly along the belt from the start. 

According to FIG. 9, the smoothing roller 20, 20' can be 
electrically heated With the aid of a current source 51. In the 
axial direction, the smoothing roller 20, 20' exhibits a prede 
termined forWard resistance through Which the current ?oWs 
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10 
and thus heats the smoothing roller 20, 20'. In order to let the 
current ?oW be conducted only through the smoothing roller 
20, 20', in the region of the bearing on the edge sides the 
smoothing roller 20, 20' comprises an electrical insulation 
relative to the pivot arms 28, 29. The smoothing roller 20, 20' 
is electrically connected With the current-source 51 via slid 
ing contacts 52. As a result of this, the electrical contacts 52 
do not prevent the rotation of the smoothing rollers 20, 20' in 
the operating state, even When the smoothing rollers 20, 20' 
are not heated. When the electrical resistance along the 
smoothing roller 20, 20' is homogeneously designed, the tem 
perature uniformly distributes over the entire outer surface so 
that barely any temperature differences occur in the axial 
direction that Would then cause a non-uniform smoothing 
later. 
A contact-less inner heating of the smoothing roller 20, 20' 

is shoWn in FIG. 10 as a heating device 50 that can, for 
example, be designed as an IR heat radiator 53. 
A ?oW heater 54 in Which the smoothing roller 20, 20' is 

heated by a ?uid 55 ?oWing along the roller axle is shoWn in 
FIG. 11 as a heating device 50. 

Via the heating, the smoothing roller 20, 20' is already 
brought to the operating temperature before the start of the 
printing. The toner is thus not too severely cooled at the start 
and can be uniformly smoothed by the smoothing roller 20, 
20'. 

If toner transferred onto the print substrate Web 12 is ?xed 
in a ?xing station by means of infrared radiation, the toner is 
heated to a ?xing temperature of approximately 100° C. to 
approximately 2000 C. The smoothing subsequently occurs at 
an only slightly loWer temperature since the toner cools only 
negligibly on the short stretch betWeen the ?xing station 14 
and the smoothing rollers 20, 20'. HoWever, in the smoothing 
device 17 the temperature of the toner must still be distinctly 
above the glass transition temperature so that the unWanted 
“toner mountains” can be smoothed. Not only are the peaks of 
the toner thus ?attened, but rather the entire surface of the 
toner is leveled and the toner is compressed. 

It is advantageous to dampen the print substrate simulta 
neously With the smoothing and to also impress a structure on 
the print substrate in order to speci?cally alter the gloss. 
HoWever, the toner image may not be speci?cally cooled 
betWeen ?xing station 14 and smoothing device 17 since 
otherWise the toner cannot be su?iciently smoothed. The 
abrasion Would then be too great in the later process and the 
print image 21 Would be Worsened. A cooling bloWer that is 
necessary in the prior art before the gloss generator there is 
therefore not required by the device of the preferred embodi 
ment. A speci?c cooling of the smoothing rollers is likeWise 
not desired. 

The surface of the print image 21 is compressed by the 
smoothing so that a later abrasion is largely prevented. For the 
preferred embodiment, it is utiliZed that the toner is heated in 
the ?xing station and is still hot and exhibits a doughy struc 
ture immediately afterwards. 
The ?xing temperature is regulated by means of the con 

trollers of the ?xing heat poWer so that the toner temperature 
is largely constant in the region of the smoothing device 17. A 
uniform temperature of the toner in the region of the smooth 
ing device 17 thus results. The toner can thus be smoothed 
more uniformly across the entire print image 21 along the 
print substrate Web 21 since then it is alWays smoothed given 
largely equal temperature relationships. 
A more uniform smoothing of the print image likeWise 

results in that gases, dust and moisture as Well as Water vapor 
are draWn off before the smoothing device 17. Interfering 
particles such as dust particles or condensed Water can not 
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settle on the print image 21 and negatively in?uence the 
smoothing event. Since the hot air suction 22 only insigni? 
cantly in?uences the temperature of the toner, the toner still 
remains hot enough in order to be ef?ciently smoothed in the 
smoothing device 17. However, When unWanted particles 
scarcely occur at the end of the ?xing station 14 anyWay, the 
hot air suction 22 is be entirely omitted. 

While a preferred embodiment has been illustrated and 
described in detail in the draWings and foregoing description, 
the same is to be considered as illustrative and not restrictive 
in character, it being understood that only the preferred 
embodiment has been shoWn and described and that all 
changes and modi?cations that come Within the spirit of the 
invention both noW or in the future are desired to be protected. 

We claim as our invention: 

1. A device for post-processing of a print substrate Web 
printed by an electrographic printing or copying device, com 
prising: 

a smoothing device arranged in immediate proximity after 
a ?xing device in a feed direction of the print substrate 
Web; 

the smoothing device substantially pressing toner ?at With 
a predetermined pres sure; 

the smoothing device comprising a cleaning device in 
order to remove dirt particles still located on the smooth 
ing device; and 

the cleaning device comprising a dampening device via 
Which a dampening substance is supplied to the print 
substrate via the smoothing device. 

2. A device according to claim 1 Wherein the toner is heated 
solely by the ?xing device. 

3. A device according to claim 1 Wherein the cleaning 
device is simultaneously a dampening device that comprises 
a cleaning belt that is saturated With the dampening sub 
stance, the cleaning belt gliding along a surface of the 
smoothing device to be cleaned and dampened and thereby 
applying a dampening ?lm thereto. 

4. A device according to claim 1 Wherein a suction device 
is arranged betWeen the ?xing device and the smoothing 
device. 

5. A device according to claim 1 Wherein the smoothing 
device comprises at least tWo approximately cylindrical 
smoothing rollers arranged approximately parallel to one 
another and close to one another betWeen Which the print 
substrate is directed so that both a front side and a back side of 
the print substrate is in contact With a respective smoothing 
roller. 

6. A device according to claim 5 Wherein a cleaning device 
is associated With each smoothing roller. 

7. A device according to claim 6 Wherein the cleaning 
device comprises at least one guide roller that guides a clean 
ing belt and elastically presses against the smoothing roller. 

8. A device according to claim 1 Wherein the smoothing 
device comprises at least one substantially cylindrical 
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smoothing roller that internally comprises a hard solid or 
holloW cylindrical core, and externally a hard outer layer. 

9. A device of claim 8 Wherein the roller comprises a soft 
intermediate layer over the core and betWeen the core and the 
hard outer layer. 

10. A device according to claim 8 Wherein the outer layer 
With its outer surface is structured tWo-dimensionally or 
three-dimensionally With a microstructure in order to engram 
an image into the toner surface upon smoothing. 

11. A device according to claim 8 Wherein the smoothing 
roller is designed as at least one of cylindrical, slightly con 
vex, or slightly concave. 

12. A method of claim 11 including the step of heating the 
toner solely by the ?xing device. 

13. A method of claim 11 Wherein a suction device is 
arranged betWeen the ?xing device and the smoothing device. 

14. A device according to claim 1 Wherein at least one of 
the smoothing device or a cleaning device associated With 
each smoothing roller comprises a pivot device that brings the 
cleaning device out of effective connection With the smooth 
ing device. 

15. A device for post-processing of a print substrate Web 
printed by an electrographic printing or copying device, com 
prising: 

a smoothing device arranged in immediate proximity after 
a ?xing device in a feed direction of the print substrate 
Web; 

the smoothing device substantially pressing toner ?at With 
a predetermined pressure; 

the smoothing device comprising a cleaning device in 
order to remove dirt particles still located on the smooth 
ing device; and 

the cleaning device being simultaneously a dampening 
device that comprises a cleaning belt that is saturated 
With the dampening substance, the cleaning belt gliding 
along a surface of the smoothing device to be cleaned 
and dampened and thereby applying a dampening ?lm 
thereto. 

16. A method for post-processing of a print substrate Web 
printed by an electrographic printing or copying device, com 
prising the steps of: 

arranging a smoothing device in immediate proximity after 
a ?xing device in a feed direction of the print substrate 
Web; 

providing the smoothing device With a cleaning device in 
order to remove dirt particles still located on the smooth 
ing device, the cleaning device comprising a dampening 
device via Which a dampening substance is supplied to 
the print substrate via the smoothing device; 

With the smoothing device substantially pressing a toner 
?at With a predetermined pressure; and 

With the cleaning device removing the dirt particles still 
located on the smoothing device and supplying the 
dampening substance to the print substrate. 

* * * * * 


